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TITLE OF THE INVENTION 
RELAY DEVICE 



TECHNICAL FIELD 

The present invention relates to a relay device used for terrestrial 
broadcasting in which both a reception frequency and a transmission 
frequency having the same value as each other are used. 



BACKGROUND ART 

In a terrestrial television broadcasting system, a relay device is 
installed in a relay station to send out a broadcast radio wave to 
regions such as a mountainous region in which it is difficult to receive 
15 the broadcast radio wave. In this relay device, a broadcast radio wave 
transmitted from a parent station is received, amplified and again 
sent out. 

Also, the adoption of an orthogonal frequency division multiplex 
111 (OFDM) method is determined in Europe and Japan as a transmission 

20 method of digital terrestrial broadcasting. In this OFDM method, 
because a plurality of signals having the same frequency as each other 
can be used in an area, a single frequency network (SFN) can be used. 

Therefore, it is studied to prepare the SFN in the terrestrial digital 
broadcasting, and it is studied to use the reception frequency and 

2 5 the transmission frequency having the same value as each other in a 

relay device so as to efficiently use the frequency. In cases where 
the reception frequency and the transmission frequency in a relay 
device of a relay station are the same as each other, both a radio 
wave transmitted from a parent station and a radio wave transmitted 

3 0 V from the relay station are received in a reception antenna of the relay^ 



device. In this case, there is a possibility that a signal is oscillated 
in an amplifying unit of the relay device and a broadcast service cannot 
be performed. 

To prevent the oscillation of the amplifying unit of the relay device 
of the relay station, it is required that a received electric power 
D of the radio wave received in the parent station and a received 
electric power U of a transmission radio wave (or a go-around radio 
wave) of the relay station satisfy a condition D>u. However, because 
the electric power of the radio wave transmitted from the relay device 
is sufficiently higher than the electric power of the radio wave 
received in the relay device, it is not generally easy that the 
condition D>U is satisfied. Therefore, various methods have been 
proposed to remove the go-around radio wave and to sufficiently reduce 
the received electric power u of the transmission radio wave of the 
relay station. 

As a method of removing the go-around radio wave by using a reception 
antenna, a method of canceling-out the go-around radio wave by using 
a plurality of reception antennas has been proposed. Fig. 1 is a block 
diagram showing the configuration of a conventional relay device 
disclosed in Published Unexamined Japanese Patent Application No. 
Hll-298421 (1999). 

In Fig. 1, 1 indicates a main reception antenna for receiving both 
a radio wave (of a frequency f 2 ) transmitted from a parent station 
and a go-around radio wave of a relay station in which the relay device 
is installed. 2 indicates a subsidiary reception antenna for receiving 
the go-around radio wave of the relay station . 3 indicates a changeable 
attenuator for changing an amplitude of a reception signal of the 
go-around radio wave received in the subsidiary reception antenna 2 
by a preset attenuation factor. 4 indicates a phase shifting unit (or 
phase shifter) for changing a phase of a signal output from the 



changeable attenuator 3 by a preset shifting phase value. 5 indicates 
a composite signal producing unit (or composite signal producer) for 
producing a composite signal from both a signal of the radio wave of 
the parent station and a signal of the go-around radio wave received 
in the main reception antenna 1 and the signal sent from the phase 
shifting unit 4. 6 indicates an amplifying unit for amplifying the 
composite signal produced in the composite signal producing unit 5. 
7 indicates a transmission antenna for transmitting a transmission 
radio wave (of the frequency f 2 ) of the relay station according to 
the composite signal amplified in the amplifying unit 6. 
Next, an operation will be described below. 

The main reception antenna 1 has a directivity in the direction of 
the parent station, and the radio wave transmitted from the parent 
station is received in the main reception antenna 1 . Also, a go-around 
radio wave transmitted from the transmission antenna 7 of the relay 
station is mixed with the radio wave of the parent station and is 
received in the main reception antenna 1. A reception signal composed 
of a mixture of the radio wave of the parent station and the go-around 
radio wave is received in the composite signal producing unit 5. The 
subsidiary reception antenna 2 is directed towards the transmission 
antenna 7, and the go-around radio wave transmitted from the 
transmission antenna 7 of the relay station is received in the 
subsidiary reception antenna 2. An amplitude of a reception signal 
of the go-around radio wave is changed by a preset attenuation factor 
in the changeable attenuator 3. A phase of a signal received in the 
phase shifting unit 4 is changed by a preset shifting phase value, 
and the signal is output to the composite signal producing unit 5. 

In the composite signal producing unit 5, a composite signal is 
produced from a signal of a mixture of the radio wave of the parent 
station and the go-around radio wave received in the main reception 



antenna 1 and a signal of the go-around radio wave which is received 
in the subsidiary reception antenna 2 and of which the amplitude and 
the phase are adjusted. In this case, the attenuation factor of the 
changeable attenuator 3 and the shifting phase value of the phase 
shifting unit 4 are set so as to produce a composite signal from a 
signal of the go-around radio wave received in the main reception 
antenna 1 and a signal of the go-around radio wave received in the 
subsidiary reception antenna 2 having the same amplitude as each other 
at phases opposite to each other. Therefore, the signal of the 
go-around radio wave is canceled out in the composite signal, and the 
output of the composite signal producing unit 5 is composed of the 
composite signal of only the radio wave component of the parent 
station . 

Because the conventional relay device has the above-described 
configuration, when characteristics of the main reception antenna 1, 
the subsidiary reception antenna 2 and/or the transmission antenna 
7 are changed due to a change of the environment caused by wind, snow 
or the like, the two go-around radio waves received in the composite 
signal producing unit 5 do not have the same amplitude as each other 
at the phases opposite to each other. Therefore, a problem has arisen 
that the go-around radio wave cannot be completely removed from the 
composite signal. 

Also, in cases where the conventional relay device is set so as to 
be automatically adapted for the change of the environment, it is 
required to distinguish the go-around radio wave from the radio wave 
of the parent station. Therefore, as is described in the Patent 
Application, another problem has arisen that it is required to 
superpose a relay station identification signal on the transmission 
radio wave of the relay station transmitted from the transmission 
antenna 7. 
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* The present invention is provided to solve the above-described 

problem, and the object of the present invention is to provide a relay 
device in which a go-around radio wave can be canceled out without 
the superposition of a relay station identification signal while being 
5 adapted for a change of the environment caused by wind or snow. 

DISCLOSURE OF THE INVENTION 

A relay device according to the present invention, in which a radio 
wave of a parent station is received and amplified and a transmission 
10 radio wave having the same frequency as that of the radio wave of the 
;f parent station is transmitted, comprises a main reception antenna for 

□ receiving both the radio wave of the parent station and a go-around 

ijg radio wave of a relay station, a subsidiary reception antenna for 

jSS receiving the go-around radio wave of the relay station, a changeable 

1 5 attenuator for changing an amplitude of a signal of the go-around radio 
Q wave received by the subsidiary reception antenna, a phase shifter 

iij for changing a phase of the signal of the go-around radio wave received 

by the subsidiary reception antenna, a composite signal producer for 
,y producing a composite signal from a signal of the radio wave of the 

2 0 parent station received by the main reception antenna, the signal of 

the go-around radio wave of the relay station and the signal of which 
the amplitude is changed by the changeable attenuator and the phase 
is changed by the phase shifter, a directivity coupler for extracting 
a composite voltage of the composite signal output from the composite 
25 signal producer, an electric power detector for obtaining a composite 
electric power from the composite voltage extracted by the directivity 
coupler, and a microcomputer for controlling both a change of the 
amplitude performed by the changeable attenuator and a change of the 
phase performed by the phase shifter so as to minimize an average value 

3 0 of the composite electric power obtained by the electric power 



detector. 

Therefore, the go-around radio wave can be cancelled while the relay 
device is adapted for a change of an environment of the relay device. 

The relay device according to the present invention further 
comprises an output controller for controlling an output of the 
transmission radio wave transmitted from the relay station according 
to an instruction of the microcomputer when the supply of an electric 
power is started. 

Therefore, the oscillation occurring in the relay device can be 
suppressed when the supply of an electric power to the relay device 
is started. 

In the relay device according to the present invention, an initial 
operation point of the changeable attenuator and an initial operation 
point of the phase shifter are automatically detected by the 
microcomputer by obtaining a minimum value of the composite electric 
power obtained by the electric power detector. 

Therefore, the detection of initial operation points of both the 
changeable attenuator and the phase shifter performed by measuring 
the amplitude and phase of the go-around radio wave is not required. 

The relay device according to the present invention further 
comprises an output controller for controlling an output of the 
transmission radio wave transmitted from the relay station according 
to an instruction of the microcomputer when an initial operation point 
of the changeable attenuator and an initial operation point of the 
phase shifter are automatically detected by the microcomputer. 

Therefore, the oscillation occurring in the relay device can be 
suppressed during the automatic detection of the initial operation 
points performed by the microcomputer. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig . 1 is a block diagram showing the configuration of a conventional 
relay device. 

Fig. 2 is a block diagram showing the configuration of a relay device 
according to a first embodiment of the present invention. 

Fig. 3 is a view showing a characteristic of a change of an average 
value of a composite electric power due to a change of an attenuation 
factor of a changeable attenuator according to a second embodiment 
of the present invention. 

Fig. 4 is a view showing a characteristic of a change of an average 
value of a composite electric power due to a change of a value of a 
phase shifted in a phase shifting unit according to the second 
embodiment of the present invention. 

Fig. 5 is a block diagram showing the configuration of a relay device 
according to a third embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinafter, the best mode for carrying out the present invention 
will now be described with reference to the accompanying drawings to 
explain the present invention in more detail. 
EMBODIMENT 1 

Fig. 2 is a block diagram showing the configuration of a relay device 
according to a first embodiment of the present invention. In Fig. 2, 
8 indicates a directivity coupling unit (or directivity coupler) for 
extracting a composite voltage of the composite signal output from 
the composite signal producing unit 5 . 9 indicates an electric power 
detecting unit (or electric power detector) for obtaining a composite 
electric power from the composite voltage extracted in the directivity 
coupling unit 8. 10 indicates a microcomputer for controlling an 
attenuation factor of the changeable attenuator 3 and a shifting phase 
value of the phase shifting unit 4 so as to minimize an average value 



8 

of the composite electric power obtained in the electric power 
detecting unit 9. The other constitutional elements are the same as 
or equivalent to those of the conventional relay device shown in Fig. 
1. 

Next, an operation will be described below. 

A composite voltage output from the composite signal producing unit 
5 is extracted in the directivity coupling unit 8 , a composite electric 
power is obtained in the electric power detecting unit 9 from the 
composite voltage extracted in the directivity coupling unit 8, and 
the composite electric power is input to the microcomputer 10. 

A voltage V m of a radio wave of a parent station received in the 
main reception antenna 1 is expressed according to an equation (1). 

V m = v d f(t) (1) 
In this case, a voltage of a go-around radio wave received in the 
main reception antenna 1 is expressed according to an equation (2). 

V*2 = V m ef"f(t - At) (2) 
Here, V d denotes an average voltage of the radio wave of the parent 
station, V ux denotes an average voltage of the go-around radio wave 
received in the main reception antenna 1, 01 denotes a phase of the 
go-around radio wave received in the main reception antenna 1 , and 
At denotes a time period from the reception of the radio wave of the 
parent station to the reception of the go-around radio wave in the 
main reception antenna 1 or the subsidiary reception antenna 2 through 
the processing of the radio wave in the relay device and the 
transmission of the go-around radio wave from the transmission antenna 
7. In case of a television relay device, the time period At is normally 
equal to or higher than l//s. 

In the same manner, a voltage V s2 of a go-around radio wave received 
in the subsidiary reception antenna 2 is expressed according to an 
equation (3). 



V s2 = V m e^ 2 f(t - At) (3 ) 
Here, denotes an average voltage of the go-around radio wave 
received in the subsidiary reception antenna 2 , and 62 denotes a phase 
of the go-around radio wave received in the subsidiary reception 
antenna 2. 

Therefore, the voltage V M received in the main reception antenna 1 
is expressed according to an equation ( 4 ) . 
V M = V M1 + V m = V d f (t) + V m e jei f(t - At) (4) 
In cases where an amplitude of a signal corresponding to the voltage 
V a2 of the go-around radio wave received in the subsidiary reception 
antenna 2 is changed by a times (or an attenuation factor a) in the 
changeable attenuator 3 and a phase of the signal of the voltage V^ 
is changed by 0(or a shifting phase value <fi) in the phase shifting 
unit 4, an composite voltage V 0 output from the composite signal 
producing unit 5 is expressed according to an equation (5). 
v 0 = v d f (t) + (V m e?* 1 + a v m <j (e2+< *>) f (t - At) (5) 
Thereafter, the composite voltage V 0 is squared in the electric power 
detecting unit 9 to obtain a composite electric power. 
V 0 2 = V d 2 f 2 (t) + (V ra & 61 + a V m f 2 (t - At) 

+ 2 V d (V ra 4 91 + a v m 4 62 ^ ) ) f(t) f (t - At) (6) 
Here, when the condition At ^ Ijiis is satisfied, an average of f(t) 
f (t - At) is equal to 0 due to the characteristics of the OFDM method 
of the terrestrial digital broadcasting. Therefore, an average value 
of the composite electric power is obtained according to an equation 
(V). 

Iv 0 2 | = |v d 2 f 2 (t) I + I (V m <i 61 + av m ^Vfft - At) | (7) 
Here, | a | denotes an average of the symbol "a". In this case, it is 
applicable that the average value | V 0 2 | of the composite electric power 
be obtained in the electric power detecting unit 9 and be output to 
the microcomputer 10. Also, it is applicable that the average value 
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1 V 0 2 I of the composite electric power be obtained in the microcomputer 
10. 

Also, to cancel the go-around radio wave, the attenuation factor 
a of the changeable attenuator 3 is set according to an equation (8) . 

v ui =av m -> a = v m / (8 ) 
Also, the shifting phase value 0 of the phase shifting unit 4 is set 
according to an equation ( 9 ) . 

02 + <j> = 01 + 7T -> (?) = Gl -62 + TC (9) 
When the condition of the equation (9) is satisfied, 

is obtained. Also, when the condition of the equation ( 8) is satisfied, 
the second term of the equation (7) is equal to 0. Therefore, it is 
realized that the go-around radio wave is canceled out in the composite 
voltage output from the composite signal producing unit 5. 

As is described above, in cases where the attenuation factor a of 
the changeable attenuator 3 and the shifting phase value <j> of the phase 
shifting unit 4 are set as operation points of both the changeable 
attenuator 3 and the phase shifting unit 4 so as to minimize the average 
value | V 0 2 | of the composite electric power, it is realized that the 
relay device is set to a state of the canceling-out of the go-around 
radio wave. 

Accordingly, in the first embodiment, in cases where the environment 
of the relay device is changed due to wind or snow, the attenuation 
factor of the changeable attenuator 3 and a degree of phase shifted 
in the phase shifting unit 4 are controlled by the microcomputer 10 
so as to minimize the average value |v 0 2 | of the composite electric 
power. Therefore, the go-around radio wave can be canceled out while 
being adapted for a change of the environment. Also, in this algorithm, 
it is not required to superpose a relay device identification signal 
identifying the go-around radio wave on the transmission radio wave 
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of the relay station. 
EMBODIMENT 2 

In the first embodiment, on the assumption that initial operation 
points of both the changeable attenuator 3 and the phase shifting unit 
4 are set when the relay device is installed in the relay station, 
the relay device is operated while being adapted for a change of the 
environment. However, it is possible to automatically obtain the 
initial operation points. 

Fig. 3 is a view showing a characteristic of a change of the average 
value |v 0 2 | of the composite electric power due to a change of the 
attenuation factor a of the changeable attenuator 3. As shown in Fig. 

3, a change of the average value | V 0 2 | of the composite electric power 
with respect to the attenuation factor a of the changeable attenuator 
3 is expressed by a quadratic curve, and an operation point 
corresponding to the canceling-out of the go-around radio wave is 
placed at a point of Fig. 3 at which the average value | V 0 2 [of the 
composite electric power is minimized. Therefore, when the supply of 
an electric power to the relay device is started, the minimum point 
of the average value | V 0 2 | of the composite electric power is detected 
while changing the attenuation factor a little by little by using the 
microcomputer 10. 

Fig. 4 is a view showing a characteristic of a change of the average 
value | V 0 2 | of the composite electric power due to a change of the value 
0 of the phase shifted in the phase shifting unit 4. As shown in Fig. 

4, a change of the average value | V 0 2 | of the composite electric power 
with respect to the shifting phase value (J> is expressed by a cosine 
curve, and an operation point corresponding to the canceling-out of 
the go-around radio wave is placed at a point of Fig. 4 at which the 
average value j v 0 2 (of the composite electric power is minimized. 
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Therefore, in the same manner as in the above case, the minimum point 
of the average value | V 0 2 | of the composite electric power is detected 
while changing the phase shifting value ^little by little by using 
the microcomputer 10. 
As is described above, in the second embodiment, the initial 

operation point, at which the average value |v 0 2 | of the composite 
electric power is minimized, can be automatically detected. Therefore, 
when the relay device is installed in the relay station, it is not 
required to set operation points of both the changeable attenuator 
3 and the phase shifting unit 4 by measuring the amplitude and phase 
of the go-around radio wave. 

EMBODIMENT 3 

In the first embodiment, when the relay device is installed in the 
relay station, the initial operation points of both the changeable 
attenuator 3 and the phase shifting unit 4 are measured and set . However, 
when the supply of an electric power to the relay device is suddenly 
started, the go-around radio wave cannot be sufficiently canceled out 
due to measurement errors of the initial operation points. Therefore, 
there is a probability that a signal oscillation occurs in the relay 
device. 

Also, in the second embodiment, the initial operation points of both 
the changeable attenuator 3 and the phase shifting unit 4 are 
automatically detected by the microcomputer 10. However, the go- 
around radio wave cannot be sufficiently canceled out during the 
detection of the initial operation points. Therefore , in the same 
manner, there is a probability that a signal oscillation occurs in 
the relay device. 

Fig. 5 is a block diagram showing the configuration of a relay device 
according to a third embodiment of the present invention. In Fig. 5, 
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11 indicates an output control unit (or output controller) for 
controlling an output of the amplifying unit 6 by using the 
microcomputer 10 and outputting the output of the amplifying unit 6 
to the transmission antenna 7. 
Next, an operation will be described below. 

When the supply of an electric power to the relay device is started, 
an output of the output control unit 11 is set to zero under the control 
of the microcomputer 10 to control the relay device not to output a 
transmission radio wave from the relay device. In this case, an output 
value of the electric power detecting unit 9 is stored in the 
microcomputer 10. Because no go-around radio wave is included in this 
output value of the electric power detecting unit 9, the output value 
indicates a reception level of the radio wave of the parent station. 
Thereafter, the output control unit 11 is controlled by the 
microcomputer 10 so as to heighten an output level (or output value) 
of the relay device little by little until the output level of the 
relay device reaches a regular output level. Therefore, a signal 
oscillation occurring in the relay device can be avoided. 

In this case, a threshold value is preset to a value ranging from 
the output value stored in the microcomputer 10 to the double of the 
output value. When an electric power detected in the electric power 
detecting unit 9 is equal to or higher than the preset threshold value, 
operation points set in both the changeable attenuator 3 and the phase 
shifting unit 4 differ from optimum operation points at which the 
average value | V 0 2 | of the composite electric power is minimized. 
Therefore, the electric power equal to or higher than the preset 
threshold value indicates that the go-around radio wave is not canceled 
put. in this case, an output of the relay device is fixed at the 
operation points under the control of the output control unit 11, the 
optimum operation points are detected in the same manner as in the 
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case of the change of the environment, and the output of the relay 
device is gradually heightened. 

Also, while the initial operation points of both the changeable 
attenuator 3 and the phase shifting unit 4 are automatically detected 
by using the microcomputer 10 , the output level of the output control 
unit 11 is fixed to an appropriate level, which is equal to or lower 
than half of the regular output level, according to an instruction 
sent from the microcomputer 10. In this case, because an oscillation 
condition for the relay device is not satisfied, a signal oscillation 
occurring in the relay device can be avoided. 

As is described above, in the third embodiment, an output level of 
the relay device is controlled by the output control unit 11 according 
to the control of the microcomputer 10. Therefore, when the supply 
of an electric power to the relay device is started or initial operation 
points are automatically detected by the microcomputer 10, the 
oscillation occurring in the relay device can be suppressed. 
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INDUSTRIAL APPLICABILITY 

As is described above/ in a relay device according to the present 
invention , a transmission radio wave having the same frequency as that 
of a radio wave received from a parent station is transmitted. 
Therefore , the relay device is appropriate to the canceling-out of 
a go-around radio wave while being adapted for a change of an 
environment of the relay device caused by wind or snow. 
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WHAT IS CLAIMED IS: 

1 . A relay device, in which a radio wave of a parent station is received 
and amplified and a transmission radio wave having the same frequency 
as that of the radio wave of the parent station is transmitted, 
comprising: 

a main reception antenna for receiving both the radio wave of the 
parent station and a go-around radio wave of a relay station; 

a subsidiary reception antenna for receiving the go-around radio 
wave of the relay station; 

a changeable attenuator for changing an amplitude of a signal of 
the go-around radio wave received by the subsidiary reception antenna; 

a phase shifter for changing a phase of the signal of the go-around 
radio wave received by the subsidiary reception antenna; 

a composite signal producer for producing a composite signal from 
a signal of the radio wave of the parent station received by the main 
reception antenna, the signal of the go-around radio wave of the relay 
station and the signal of which the amplitude is changed by the 
changeable attenuator and the phase is changed by the phase shifter; 

a directivity coupler for extracting a composite voltage of the 
composite signal output from the composite signal producer; 

an electric power detector for obtaining a composite electric power 
from the composite voltage extracted by the directivity coupler; and 

a microcomputer for controlling both a change of the amplitude 
performed by the changeable attenuator and a change of the phase 
performed by the phase shifter so as to minimize an average value of 
the composite electric power obtained by the electric power detector. 

2. A relay device according to claim 1, further comprising: 

an output controller for controlling an output of the transmission 
radio wave transmitted from the relay station according to an 
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instruction of the microcomputer when the supply of an electric power 
is started. 

3. A relay device according to claim 1, wherein an initial operation 
point of the changeable attenuator and an initial operation point of 
the phase shifter are automatically detected by the microcomputer by 
obtaining a minimum value of the composite electric power obtained 
by the electric power detector. 

4. A relay device according to claim 1, further comprising: 

an output controller for controlling an output of the transmission 
radio wave transmitted from the relay station according to an 
instruction of the microcomputer when an initial operation point of 
the changeable attenuator and an initial operation point of the phase 
shifter are automatically detected by the microcomputer. 
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ABSTRACT OF THE DISCLOSURE 

A relay station is composed of a main reception antenna 1 for 
receiving both a radio wave of a parent station and a go-around radio 
wave of a relay station , a subsidiary reception antenna 2 for receiving 
5 the go-around radio wave of the relay station , a changeable attenuator 
3 and a phase shifting unit 4 for changing an amplitude and phase of 
a signal received in the subsidiary reception antenna 2, a composite 
signal producing unit 5 for producing a composite signal from a signal 
received in the main reception antenna 1 and the signal sent from the 

1 0 phase shifting unit 4 , an electric power detecting unit 9 for obtaining 
a composite electric power from a composite voltage extracted in a 
directivity coupling unit 8, and a microcomputer 10 for controlling 
a change of amplitude in the changeable attenuator 3 and a change of 
phase in the phase shifting unit 4 so as to minimize an average value 

15 of the composite electric power obtained in the electric power 
detecting unit 9. 
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As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated 
next to my name. 

I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled. 
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the specification of which 
□ is attached hereto. 

m was filed on June 20, 2000 

as United States Application Number or 
PCT International Application Number 
PCT/JPQQ/ Q 4 Q18 and was amended on 
(if applicable). 

I hereby state that I have reviewed and understand the 
contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1 .56. 
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I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-(d) or 365(b) of any foreign application^) for patent 
or inventor's certificate, or Section 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Claimed 

□ □ 



(Day/Month/Year Filed) 

(Day/Month/Year Filed) 

(MPF/IB) 



Yes 

□ 
Yes 



No 

□ 
No 



I hereby claim the benefit under Title 35, United States Code, 
Section 11 9(e) of any United States provisional application(s) listed 
below. 



(Filing Date) 
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(Application No.) 

I hereby claim the benefit under Title 35, United States Code, Section 
120 of any United States application(s), or Section 365(c) of any PCT 
International application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first paragraph 
of Title 35, United States Code Section 112, 1 acknowledge the duty 
to disclose information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, Section 1.56 which became 
available between the filing date of the prior application and the 
national or PCT International filing date of application. 

(Status: Patented, Pending, Abandoned) 
(Status: Patented, Pending, Abandoned) 
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I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 
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POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith: (list name and registration number) 
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Send Correspondence to: 
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3irect Telephone Calls to: (name and telephone number) 
(703) 413-3000 
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t^jl^ame of sole or first joint inventor 
Junichi NAGRNO 




Inventor's signature . Date 
JUNlCHi NA^AfV^ Feb. 14, 2002 
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Residence | 

Tokyo, Japanv J / X 
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Citizenship 
Japanese 




Post Office Address 

c/o MITSUBISHI DEMKI KABUSHIKI KATSHA. 
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Tokyo 100-8310 Japan 
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